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very  difficult  challenges,  an  extensive  effort  has  been  applied  toward  developing  a  physically  based, 
simplified  combustion  model  for  military-relevant  diesel  engines  known  as  the  Large  Scale  Combustion 
Model  (LSCM).  Recent  effort  has  been  spent  further  refining  the  first  stage  of  the  LSCM  two  stage 
combustion  model  that  is  known  as  the  premixed  phase  sub-model.  This  particular  sub-model  has  been 
compared  with  high-speed  cylinder  pressure  data  acquired  from  two  relevant  direct  injection  diesel 
engines  with  much  success  based  on  a  user  defined  parameter  referred  to  as  the  laminar  flame  speed  by  the 
combustion  community.  It  is  a  physically  significant  parameter  that  is  highly  dependent  on  local 
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Army  ground  vehicles  comprised  of 
predominately  commercially  derived 
diesel  engines. 


Historical  Perspective  on  Diesel 
Combustion 

OGY  FOR  A  SUPERIOR  ARMY 

*  Droplet  evaporation  models  -  Tanasawa  (1953)  based  on 
distribution  function  of  Probert  (1946) 


Injection  rate/evaporation  rate  control  model  -  Austen 
and  Lyn  (1961);  ‘‘triangular  burning  rate  model” 

Engine  system  simulation  inclusion  -  Cook  (1963), 
McAulay  et  al.  (1965) 


Coupled  droplet  evaporation,  mixing,  and  kinetics  - 
Shipinski  et  al.  (1969) 
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Historical  Perspective  on  Diesel 
Combustion 

SUPERIOR  TECHNOLOGY  FOR  A  SUPERIOR  ARMY 


•  Global  mixing  models  -  White  ho  use  and  Way  (1970-74),  Grigcj  and 
Syed  (1970),  Khan  et  al.  (1971) 

•  Thormodynamio  multi-zone  models  (predecessor  to  GI:D) 

Dastress  et  al.  (1971),  Shahed  et  al.  (1973),  Hodgetts  and  Shroff 
(1975),  Hiroyasu  and  Kodata  (1976),  Maguerdichian  and  Watson 
(1978) 

•  Focused  hulk  air-fuel  mixing  efforts: 


-  Dent  and  Mehta  (1981),  Kono  et  al.  (1985),  Kyriakides  et  al.  (1986), 
I  Schihl  et  al.  (1996) 

•  Empirical  heat  release  models 


-  Watson  (1977),  Ghojel  (1982),  Miyaniota  et  al.  (1985),  Craddock  and 


Hist  or  cal  Perspective  on  Diesel 
Combustion 
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*  l  oday  there  is  S  l  ILL  NO  l  an  universally  accepted 
combustion  model  for  diesel  sprays 

*  Previous  study  has  shown  a  1  -  10%  error  in  fuel 
consumption  for  1.0  vehicles  due  combustion  miss 

prediction 

*  Fidelity  of  model  (0-0, 1-0,  2-0,  3-D)  dependent  on 
particular  design  issue  in  question 
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Cylinder  Liner 


Modeling  Effort 
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•  Laminar  flame  speed  fundamentals 

-  molecular  structure,  temperature,  air-fuel  ratio,  and  pressure 
dependence 

-  experimental  measurement  pitfalls 

•  ignition  issues  establishing  homogeneous  charge 

•  recent  efforts  (Northeastern  University  and  Southwest  Research 
Institute) 

I Proposed  simulation-based  strategy 

-  I  matching  combustion  and  cylinder  pressure  histories  THROUGH 

JUDICIOUS  CHOICE  01=  LAMINAR  FLAME  SPEED 

•  Must  be  physically  relevant 


A :  SOC 
13  :  total  shear  layer 
engulf  me  lit 


C  :  start  of  diffusion  burn 
D  :  wall  impingement 
IE :  1:01 

l: :  start  of  jet  expansion 
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Modeling  Effort  -  I  ypical  Diesel 
Combustion  Behavior 


*  l  wo  phases  -  premixed  and  mixing  (diffusion)  controlled 

*  Premixed  phase:  trapped  mean  fuel-air  pockets,  turbulent  flame  speed  (injection  velocity  +  fuel  type) 


*  Mixing  Controlled  Phase:  bulk  mixing  rate  limitation,  fuel  injection  pressure  +  spray  formationjirocess 
(hole  size,  aspect  ratio,  nozzle  type) 
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Experimental  Set-up  :  Engines 
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''"ford  DIATA 
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Experimental  Set-up  :  Fuel  Effects 
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Fuel  Parameter 
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Results  -  experimental  Boundary 
Conditions 
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1  Bulk  cylinder  initial  conditions 

-  800  -  1000  K 

-  30  -  100  bar 


-  Air-fuel  ratio  20  -  80 


1  Spray  tip  air-fuel  equivalence  ratio 

-  1.3 -2.5  | 

’  Injection  velocities 

-  200  -  500  m/s 


M  . 
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Results  -  Matching  Process 
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Laminar  flame  speed  modulated 
until  general  heat  release  profile 
and  mean  cylinder  pressures  are 
‘close’  to  experimental  profile 


Database  of  HRR  and  pressure 
profiles  studied  -  match  or 
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chemistry  not  incorporated  into 
LSCM 
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Cylinder  Pressure  (kPa) 


Laminar  Flame  Speed  (cm/s) 


Results  -  IEGR  cases 
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Ignition  Temperature  (K) 


Experimentally  determined  HRR  profiles  for  small  and  large  bore  engines 
utilized  to  determine  representative  laminar  flame  speed 

Q  First  o  f  its  kind  for  diesoi  fuoi 

— 

Study  included  IEGR  effect  at  light  load  (l)IATA) :  3.6  cni/s  RMS  error 
Resulting  Correlation  — 
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First  order  estimate  on  laminar  flame  speed  for  DF-2 
Maybe  employed  within  flanielet  models  (CFG) 
Currently  utilized  in  TARDEG  LSCM 
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